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We use a space-time asymmetric 0(a) improved fermion action and fix the asymmetry 
non-perturbatively to restore the relativistic dispersion relation. We compute spectra 
and matrix elements of quarkonia and heavy-light mesons and compare with results 
obtained using a symmetric action with the Fermilab interpretation i.e. that the physics 
of heavy lattice quarks depends solely on their kinetic mass. We provide additional 
evidence to support this. 

1. The Fermilab Fermion Action 

It is known that the use of a space-time symmetric fermionic lattice action gives 
rise to artifacts of order aniq which become significant at currently accessible lattice 
spacings a and for quark masses vriq large enough for heavy flavour physics. This 
becomes manifest in the dispersion relation for lattice quarks, where a mass can be 
defined in two different ways; as the rest mass or the kinetic mass (denoted Mi and 
M2 respectively) . On the relativistic mass shell these two definitions are equivalent 
but these lattice artifacts make them unequal for aruq > 0. 

While there exist ^ number of approaches to the problems of simulating heavy 
quarks on the lattice^ the Fermilab action arises when the Symanzik improvement 
program is applied to the Wilson action in a mass dependent way.l3 This requires 
that the operators in the action be allowed to be asymmetric in space and time as 
well as the full arUq dependence of their coefficients. 

However, by interpreting a symmetric Wilson action in the light of the Heavy 
Quark Effective Theory (HQET) and normalising its operators accordingly one 
should be able to do without this asymmetry and use the standard Sheikholeslami- 
Wohlert (SW) action). This interpretation posits that of the two possible lattice 
quark mass terms, it is only the kinetic mass which is physically significant and that 
therefore this should be used to set the physical scale. Hitherto this has been the 
method used by the Fermilab and some other groups. Here, we investigate these 
claims in further detail. 
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2. Comparison of Spectrum and Matrix Elements 

We implement the asymmetric action and adjust the asymmetry non-perturbatively 
until M1 — M2 (within statistical errors). This has been done on a 12"^ x 24 quenched 
lattice at /? = 5.7 and initial results were reported at Lattice99.i Since then, the 
non-perturbative fixing of the asymmetry has been extended from the quarkonium 
sector to the heavy-light sector and the statistical errors have been reduced. "Then 
we use this action to compute quarkonium and heavy-light mesons with heavy quark 
masses corresponding to the b and c quark, and a light quark at the s mass. We 
can compare our physical quantities to those obtained from previous computations 
on this same lattice using the SW action where Mi is unconstrained.cl 
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Figure 1: Comparison of results from the asymmetric (O) and the SW (o) actions 
together with experimentally measured values. 

As an example, Fig. ^ shows hyperfine, radial and fine structure splittings in 
the hh system, and, in the heavy-light sector, the hyperfine splittings and splittings 
from the spin-averaged IS state of the cs system. Physical quantities from the 
two actions are in good agreement despite difference in the values of Mi, and we 
obtain a similarly good agreement in the charmonium system and for heavy-light 
pseudoscalar current matrix elements, 

3. Kinetic Mass Dependence 

The asymmetry of our action allows us to arbitrarily set the ratio of Mi and M2 , 
and this gives us a useful tool with which to probe their roles. We compute various 
mesonic physical quantities over a range of kinetic masses and either fix Mi = M2 
or leave it arbitrary. We add to these results those obtained using the SW action. 
As shown in figure || we find that there is clearly a smooth dependence of these 
various quantities on M2. 

4. Summary 

Our results demonstrate that physical quantities depend on M2 rather than Afi and 

"details in a forthcoming publication 
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Figure 2: The dependence on M2 of the quarkonium hyperfine and IP— 15 sphttings 
and the heavy-hght hyperfine sphtting and the decay constant, using values obtained 
by using the non-perturbatively fixed (O), the SW (❖) and an arbitrarily asymmetric 
(+) action. 



that the Fermilab prescription for using the SW action to compute heavy quark 
physics does indeed bypass the 0{amq) artifacts that would otherwise arise. 
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